the WHO Collaborative Study of Neoplasia and Steroid Contraceptives* Summary Data on 2,754 cases and 18,565 controls from a multinational hospital-based, case-control study were analysed to determine whether observed associations between combined oral contraceptives and breast cancer are similar for oral contraceptives with varying types and doses of oestrogens and progestins. After stratifying on duration of use, risk was found to be increased in current and recent users, and to decline with time since last use. These associations, of similar strength, were observed for users of products that contain mestranol and ethinyl estradiol, for women who used preparations with progestins derived from 19-nortestosterone and 17-alpha-hydroxyprogesterone, and for those who took preparations with relatively higher and lower doses of oestrogen. When products with equal doses of the same oestrogen or progestin and varying doses of the other hormonal constituent were considered, slightly higher relative risks per year of use were estimated for users of products with relatively higher than lower doses of either the constituent oestrogen or progestin, but the differences in relative risk could readily have occurred by chance. This study provides no evidence that risk of breast cancer in users of oral contraceptives varies by the type of oestrogen or progestin consumed.
The possible influence of combined oral contraceptive use on risk of breast cancer has been studied extensively during the past two decades, and the existing evidence has been reviewed on multiple occasions (e.g., . Results of epidemiologic studies have yielded inconsistent results, and it cannot be concluded with certainty that these hormonal preparations alter risk of breast cancer. If they do, the observed effect has been small.
Most studies have considered combined oral contraceptives to be a single entity, but they are actually a heterogeneous group of products that vary in both type and dose of oestrogen and progestin, and it is reasonable to expect that their influence on risk of breast cancer would not be uniform. Differences in the products under study could therefore be an explanation for the inconsistent results among studies; and the observation of only small increases in risk could be a result of those formulations that are carcinogenic for the human breast constituting a small proportion of all oral contraceptives.
The attempts that have been made to assess possible associations between breast cancer and specific types or groups of combined oral contraceptives have not yielded consistent results. In 1983, Pike et al. observed a particularly strong association between breast cancer and use before the age of 25 years of oral contraceptives with high progestin potency as determined by the delay of menses test; but this was not confirmed in two other studies (Stadel et al., 1985; Miller et al., 1986) , and the validity of the classification that Pike used has been questioned (Armstrong, 1986) . Two studies have failed to show associations between breast cancer and use at any time of oral contraceptives with specific types of progestins (CASH, 1986; Vessey et al., 1989) . McPherson et al. (1987) reported an increase in risk of breast cancer with duration of use before the birth of a woman's first child of oral contraceptives that contain ethinyl estradiol, but not that contain mestranol; but this was not confirmed in two subsequent studies (Vessey et al., 1989; Paul et al., 1990a) . Also, no differences in relative risks in relation to overall duration of use of preparations with ethinyl estradiol and mestranol were observed in three separate studies (CASH, 1986; UK National, 1989; Vessey et al., 1989) . Similarly, no consistent increases in risk in relation to specific types of oral contraceptives were observed among five different investigations (CASH, 1986; Miller et al., 1989; UK National Group, 1989; Vessey, 1989; Ravnihar et al., 1988) . In addition, relative risks were not consistently greater in relation to individual formulations with high doses of oestrogen than in relation to those with lower doses, although in the UK National Case-Control Study (1989), a higher relative risk was observed in women who had used oral contraceptives with more than 50 micrograms of oestrogen (either ethinyl estradiol or mestranol) for over 8 years than in women who had used lower dose preparations for the same length of time.
The studies to date have reported results largely in relation to use of oral contraceptives that contain progestins that are derivatives of 19-nor-testosterone. None have studied oral contraceptives that contain derivatives of 17-alpha hydroxyprogesterone (i.e., medroxyprogesterone acetate and chloramadinone); and it is these progestins that have been shown to cause breast cancer in beagles (Fraser & Holck, 1983) . Also, estimates of relative risks of breast cancer in relation to the newer lower dose oral contraceptives have not been compared with estimates for the older, higher dose preparations. Data from this multinational study include information on use of a wide range of formulations, and provide an opportunity to address these two issues. In addition, we have attempted to confirm the results of previous studies, and present results of analyses to assess associations between breast cancer and specific individual oral contraceptives, and oral contraceptives with specific types of oestrogens and progestins.
Methods
The methods used in this study have been previously described (WHO Collaborative Study of Neoplasia and Steroid Contraceptives, 1990) . Data were collected in 12 participating centres in Australia, Chile, the Peoples Republic of China, Colombia, The German Democratic Republic (GDR), Israel, Kenya, Mexico, the Philippines, and Thailand. Data were collected from thee separate centres in Thailand (Siriraj and Chulalongkorn in Bangkok and Chiang Mai). Data collection began in the various centres between October 1979 and November 1982 and ceased between September 1984 and September 1988 In each hospital, cases were detected by monitoring all new admissions to wards where women with breast cancer were treated, and by checking outpatient gynecological and tumour clinics, and records of hospital pathology laboratories. Cases included all women diagnosed locally as having a malignant breast tumour, born either after 1924 or after 1929 (depending on when oral contraceptives were first locally available), and who resided during the preceding year in a defined geographic area served by the hospital.
Controls were selected from among women admitted to other than obstetric and gynecologic wards, who met the same age and residential criteria for eligibility as the cases, and who were not admitted for treatment of conditions considered a priori to possibly alter contraceptive practices (i.e., circulatory and cardiovascular diseases, diabetes, chronic renal disease, benign breast disease, a previously diagnosed malignancy, chronic liver disease, and any obstetric or gynecologic condition).
Approximately two controls were selected for each case, but controls were not matched to individual cases. As this was a study of cancers in addition to those of the breast (i.e., cervix and corpus uteri, ovary, and liver), more than two controls per breast cancer case were available for analysis.
A standardised questionnaire was administered in person to all study subjects to obtain information on the known and suspected risk factors for the neoplasms under study, and a complete obstetric and contraceptive history. A calendar and samples of locally available oral contraceptives were used to facilitate recall of times of use and products taken. In addition, the medical records of women who gave a history of oral contraceptive use were reviewed when available, and in such instances information from both interviews and these records were utilised by the interviewers to record details of the woman's use. The questionnaire was printed in the local language in all countries except Kenya where multiple languages are spoken, and the Philippines and Australia, where English is widely used. Where the information was not recorded directly on the English version questionnaire, it was transcribed onto an English version for mailing to the coordinating centre in Seattle.
Pathologists at each centre were responsible for provisional histological diagnosis of the cases. Slides from all cases were sent to a single reference pathologist for confirmation of diagnosis and uniform histologic classification according to the WHO histologic classification of breast tumours (World Health Organisation, 1981) . Only data from cases considered by the reference pathologist to have invasive carcinoma of the breast were utilised for this report.
Of the 2,996 eligible cases and 20,216 controls selected for this study, 2,835 (94.6%) and 19,221 (95.1%) were interviewed, respectively. As described subsequently, estimates of relative risks in users of oral contraceptives were controlled for variables that appeared to confound the relationship between breast cancer and these products. Eighty-one cases and 656 controls were excluded from the analyses because values for one or more of the identified confounders were missing or the duration of al episodes of oral contraceptive use was unknown. Of the remaining 2,754 cases, 70.1%, 10.8% and 4.9% had carcinomas classified as ductal, lobular, and apocrine, respectively; the remaining 14.2% had one of 15 other histologic types.
Since cases tended to be older than controls, and since both the ratio of controls to cases and the prevalence of use of oral contraceptives varied among the centres, all relative risk estimates were controlled for age and centre. Unconditional logistic regression analyses (Breslow & Day, 1980, pages 192-246) Oral contraceptives with more than 0.08 mg mestranol or more than 0.04 mg ethinyl estradiol were grouped together as high dose products, and those with lower levels were considered low dose products. Relative risks of breast cancer in women who ever used only low dose products, only high dose products, and both high and low dose products were estimated to be 1.10 (0.94, 1.29), 1.17 (1.03, 1.34), and 1.21 (0.99, 1.43), respectively. As shown in Table III , the relative risks in relation to duration of use and months since last use are not consistently higher in women who used only the high dose preparations than in women who used only the low dose products; and the trends in relative risk in relation to these features of use are similar in both groups of users. Similar trends were also observed in women who used both high and low dose products (not shown). Based on the glycogen deposition test (Dikey, 1984) , oral contraceptives with high and low doses of oestrogen were further classified into those with relatively high and low doses of progestin (Rosenblatt et al., 1991) . This classification also did not distinguish women at different risks of breast cancer. As in Table I , for all four groups of oral contraceptives in Table  III tive brands of unknown type (based on 210 exposed cases and 1,460 exposed controls). Since this value is above unity, the exclusion of these subjects from Table IV is not an explanation for the slightly higher relative risks associated with most individual products. Contraceptives, 1990) , the relative risk of breast cancer in women who ever used oral contraceptives was estimated to be 1.15 (1.02, 1.29). Risk was highest in current and recent users, and decreased with time since last exposure, after stratifying on duration of use. Small increases in risk were also observed in relation to use before age 25 and before the birth of a woman's first child. These findings were based on interim analyses of data on 2,116 cass and 12,077 controls. Since that report was prepared, data collection for this study has terminated, and the present report is based on analyses of data that include 638 additonal cases and 6,488 additional controls. Reanalysis of the data yielded findings virtually identical to those previously reported and those updated results have thus not been presented. In our previous report the conventional causes of spurious associations were considered in detail, and no specific sources of bias of confounding were identified that explained the main findings. These considerations will also not be reiterated in this report.
The purpose of the additional analyses that serve as the basis of this paper was to determine whether associations between breast cancer and use of oral contraceptives vary among preparations that contain different types and doses of oestrogens and progestins. The associations observed in this study between breast cancer and use of oral contraceptives were virtually the same for mestranol and ethinyl estradiol containing formulations. This is not surprising since mestranol is metabolised to estradiol, and both exogenous oestrogens thus result in the same biologically active compound. Other studies have similarly found no difference in relationships to breast cancer of products with these two oestrogens (CASH, 1986; UK National Group, 1989; Vessey et al., 1989) . Similarly, norethisterone acetate, ethynodial acetate, and lynestrenol are all converted to norethisterone, and, as expected, no consistent differences in relative risks associated with use of oral contraceptives that contain these four progestins were found.
Progestins that are 17-alpha-hydroxyprogesterone derivatives have been shown to cause benign and malignant mammary tumours in beagles (Fraser & Holck, 1983) , and oral contraceptives that contain these compounds have been removed from the market in most countries. This study was conducted in some countries where these compounds are still in use, thus affording an opportunity to assess their carcinogenicity for the human breast. The results clearly demonstrate that oral contraceptives with these types of progestins are no more strongly associated with an increased risk of breast cancer than the 19-nor-testosterone derivatives. Also, both in this study , and in a large populationbased case-control study in New Zealand (Paul et al., 1989; Paul et al., 1990b) relative risk estimates were similar for women who ever used the long acting injectable contraceptive, depot-medroxyprogesterone acetate (DMPA), a 17-alpha-hydroxyprogesterone derivative, and for women who ever used combined oral contraceptives that contain 19-nortestosterone derivatives. In the New Zealand study, both relative risk estimates were 1.0, and in the present study these estimates were 1.21 for users of DMPA, and 1.17 for users of oral contraceptives with 19-nor-testosterone derivatives.
The findings regarding oral contraceptives that contain the two different classes of progestins are of potential public health importance. The thromboembolic diseases that have been associated with use of oral contraceptives may be due to the influence on blood clotting mechanisms of their constituent progestins (Prentice & Thomas, 1987) , and all of the preparations that have been implicated contain 19-nortestosterone derivatives. If the 17-alpha-hydroxyprogesterone derivatives are less, or no more, strongly related to thromboembolic phenomenon than the 19-nor-testosterone compounds, then use of oral contraceptives with chlormadinone or medroxyprogesterone acetate should be reconsidered. Additional studies to attempt to replicate findings from this study are thus warranted.
The relative risk of breast cancer was slightly higher in women who ever used oral contraceptives with more than 0.4 mg ethinyl estradiol or more than 0.8 mg mestranol than in users of lower dose preparations, but the difference was small and readily explainable on the basis of chance, and relative risk estimates in relation to duration of use and time since last use were not consistently greater in users of the high dose products. However, when individual formulations were considered separately, slightly greater relative risks per year of use were observed in relation to oral contraceptives with relatively higher than lower doses of oestrogen and progestin, although all differences are small, and each could have occurred by chance.
The findings of the UK National Case-Control Study Group (1989) are partially consistent with those from the present investigation. Among women in that study who took preparations with 50 micrograms ethinyl estradiol, those who took formulations with 4 mg norethisterone acetate were at higher relative risk than those who took formulations with lower doses (1.4 vs 1.1, 1.2, and 1.1 for preparations with 4.0, 3.0, 2.5, and 1.0 mg, respectively). However, relative risks in women who took oral contraceptives containing 30 micrograms ethinyl estradiol and 0.25 or 0.15 mg levonorgestrel were 1.0 and 1.1, respectively; and in the Cancer and Steroid Hormone Study (1986) , relative risks were slightly higher in women who used preparations with 1.0 mg norethisterone and 50 micrograms mestranol than in women who used preparations with the same dose of the progestin, but a higher dose (80 micrograms) of the oestrogen (1.2 vs 1.0). A possible explanation for the inconsistencies with the present findings is that in the estimation of relative risks from the prior investigations, differences in duration of use of the different types of oral contraceptives was not considered. Also, all estimates of relative risks (like those from the present investigation) are based on small numbers of users, and are subject to considerable chance variation. Additional investigations, or combined analyses of data from multiple studies, are needed to clarify the role that specific combinations of various oestrogens and progestins, in various doses, may play in the genesis of breast cancer.
In summary, the findings from this study provide no evidence that the risk of breast cancer in users of oral contraceptives varies by the type of oestrogen or progestin consumed. Women who used relatively low dose oral contraceptives may be at slightly lower risk of breast cancer than users of higher dose preparations, but the evidence for this is not strong, and if such a difference in risk does exist, it is small.
